Seasonal variations of heat and water balances have been estimated by using a multi-layer soil model for the Tibetan
Introduction
The Tibetan Plateau is the highest plateau on the earth, and includes Mount Everest, the world's tallest mountain at 8848 m. The Tibetan Plateau includes landscapes that extend from deserts in western Tibet to lush, thick forests in eastern Tibet. The plateau ranges from about 2500 m along its edge to 5000 m at its hinterland. Annual mean temperature ranges from À8 C to 13 C. Annual total precipitation over western Tibet is less than 100 mm; precipitation over the plateau increases gradually from west to east, reaching around 900 mm in eastern Tibet (Table 1) . Solar radiation varies from 180 W m À2 , to 270 W m À2 (Table  3) . These varying parameters influence the biosphere on the plateau. The Tibetan Plateau influences climatic variations in the Northern Hemisphere, especially over monsoon areas, where 24% of the Asian land surface area supports 60% of the world's population.
The plateau influences the atmosphere in three major ways: the presence and shape of the plateau affects the general circulation (the mechanical or kinetic effect); the plateau surface directly heats the middle layer of the troposphere (the thermal effect); and friction from the plateau modifies local circulations (the frictional effect) (Ye and Gao 1979) . The thermal effects, i.e., of heat and moisture over the plateau, have been widely studied. For example, Ye and Gao (1979) used a bulk formula to estimate an annual mean sensible heat flux of 79 W m À2 from meteorological data. An annual mean latent heat flux of 14 W m À2 was estimated from variations in precipitation, and river flow over the plateau (Ye and Gao 1979) . Nitta (1983) analyzed heat and moisture balances using the First Global Atmospheric Research Program Global Experiment (FGGE) IIb upper-air observation data from the summer of 1979. Luo and Yanai (1984) and Chen et al. (1985) used the same FGGE dataset to analyze the heat sources over the plateau from late May to early July 1979. Yanai et al. (1992) analyzed the FGGE upper-air data, and showed that sensible heating dominates in the early summer, and latent heating dominates in the mid-summer monsoon. As most of these studies used the same data set (FGGE II-b upper-air data), the results are valid for the summer of 1979. Xu and Haginoya (2001) estimated the water and heat balances over the plateau using a multi-layer model initialized with routine meteorological data from 1997. Daily and seasonal variations were shown for 14 sites over Tibet. Subsequently, an intensive observation period (IOP) of the GAME-Tibet Global Energy and Water Cycle Experiment (GEWEX) Asia Monsoon Experiment over Tibet took place in 1998. The present paper will determine the heat and water balances for the Tibetan Plateau during [1997] [1998] ; the results are compared to observations. The relationship between the normalized difference vegetation index (NDVI), as reported by the Center for Environmental Remote Sensing (CEReS), of Chiba University, Japan, and the wetness index ðWI ¼ Pr/EpÞ is examined. The relationship between calculated results, and precipitable water from the NASA Water Vapor Project (NVAP) dataset will be shown.
In this study, heat and water fluxes are calculated at 17 stations in 1998; eight of these stations were used in the 1997 study. Methods are discussed in Section 2; heat and water balances are detailed in Section 3. The relationships between NDVI and WI, and between water balance and the precipitable water from the NVAP dataset, are described in Sections 4 and 5, respectively. Section 6 contains a summary.
Method

a. Model
The model used in this study was developed by Kondo and Xu (1997a, see section 2a) . Subsurface soil water transport is based on the multi-layer soil model proposed by Kondo and Saigusa (1994) . The soil model has been put to practical use using a simplified calculation scheme (Kondo et al. 1995; Kondo and Xu 1996a, 1996b) . Northwestern Tibet belongs to arid and semi-arid areas. The annual precipitation in Shiquanhe is just 50 mm. The total amount of the evaporation is small, and its seasonal variation can be very big. The gradient of the humidity in the boundary layer is very small, and the atmosphere is in unstable status during the daytime. Eddy correlation method, and the gradient method, cannot be used to estimate the evaporation value here. Evaporation takes place at the ground surface when the surface is wet, but it will happen in the underlying soil as the ground becomes dry. In order to estimate the evaporation amount correctly, water transportation within the soil layers is divided in the vapor and liquid phase in the model. The water transportation also depends on the soil types, and it has been parameterized in Xu and Haginoya, 2001 . The aim of this study is to get a general picture of the seasonal variations of heat and water balance over the Plateau in 1997 Plateau in -1998 . Although the vegetation, such as grass, grows in southeastern Tibet seasonally, the surface is assumed to be bare soil with snow cover occasionally (see Kondo and Xu 1997a, section 2c) in the model. Bare soil surface is a simple surface, and its parameterization is easy to understand (Kondo and Xu 1997a; Xu and Haginoya 2001) . If we consider the vegetation cover in the model, complicated parameterizations for different types of vegetation cover, mixed with several kinds of soil type parameterization, might lead to confusing model results. On the other hand, there are a lot of excellent vegetation models with their calculation results and influences from the parameterizations of vegetation cover clearly, we can simply compare the calculation results between this model, and other vegetated surface models. Taken into consideration of the vegetation cover in the model over the Tibet Plateau is the next step of our study. We should notice that the assumption of bare soil surface may lead to underestimation of the amount of evaporation in the monsoon season of southeastern Tibet.
In the model, several types of soil are taken into consideration. Verification of the model has been achieved by comparing the observed and calculated results for the volcanic ash soil surface in Tsukuba, and a sand dune field in Tottori. Using the routine data of 30 observatories, including humid, semi-humid, semi-arid, and arid regions at different elevations in China, the heat and water balances have been estimated by the model in Kondo and Xu 1997a . Soil properties differ greatly from place to place on the earth's surface, and also from the top to the bottom of the horizontal layers that constitute a soil profile. The present calculations assume that soil type is constant from the surface to the lowest layer (0.7 m). Water transport within the soil is partitioned into vapor and liquid phases. Soil parameters in the Tibetan Plateau have been studied, and used in the model (Xu and Haginoya 2001, see Table 1 ).
Potential evaporation is also an important climatologically index. Kondo and Xu (1997b) and Xu (2001) defined potential evaporation E P as the evaporation expected from a hypothetical surface, with saturated soil and a roughness of 0.005 m; albedo ref is 0.06 (water surface), emissivity e 0.98, and evaporation efficiency b Ã and relative humidity h are 1.0. Typical surfaces that satisfy these conditions are fields with a wet, rough, and black surface, or a newly planted paddy field, with dripping wet leaves. Wind speed data were observed at a height of 10 m. From the logarithmic law, the wind speed was corrected to a height of 1 m using the logarithmic wind law, namely U 1 m ¼ 0:7U 10 m , where the roughness is equal to 0.005 m. Daily mean values of surface temperature, and sensible and latent heat fluxes were estimated from the daily mean energy balance, neglecting the ground heat flux G (Kondo and Xu 1997b; Xu and Haginoya 2001) .
Solar radiation flux was estimated in the present study from sunshine duration; longwave radiation flux is a function of solar radiation flux, surface air temperature, and humidity (Kondo and Xu 1997a, refer Section 2c) . Latent and sensible heat fluxes were obtained from the model. Potential evaporation was derived from its definition.
b. Data
The calculations were conducted for 14 sites in 1997 and 17 sites in 1998. Eight sites were common to both 1997 and 1998 (Table 1) . Input datasets originated from routine meteorological data as follows:
. daily mean air temperature T AM (K or C) . the daily temperature range, i.e., the difference between the daily maximum and minimum air temperatures T A; MAX À T A; MIN (K or C) . sunshine duration N (hour) . daily precipitation amount Pr OBS (mm) . daily mean wind speed U OBS (ms À1 )
. daily mean vapor pressure e (hPa) . surface pressure p s (hPa)
The following output data were estimated from calculations.
. calculated ground surface temperature T S (K or C)
. latent heat flux iE (W m À2 )
. sensible heat flux H (W m À2 )
. heat flux into the ground surface G (W m À2 )
. evaporation E (mm) . potential evaporation E P (mm) . soil water content y (mm 3 mm À3 )
. corrected precipitation Pr (mm) . wetness index WI ¼
. calculated surface temperature T SE (K or C)
The comparison datasets include:
. observed long-wave radiation flux from the IOP of the GAME-Tibet automated weather station (AWS) dataset
. NDVI dataset from CEReS . precipitable water w (mm) from NVAP.
c. Verification of long wave radiation
Observed and calculated solar radiation, soil water contents, ground surface temperatures, and sensible and latent heat fluxes were compared in Section 4 of Xu and Haginoya 2001. Long-wave radiation flux has been observed during GAME-Tibet IOP in 1998. Shiquanhe is the most arid point among the stations, and its long-wave radiation flux should be small and changeable. Verification of the long-wave radiation flux is provided for Shiquanhe in the present study. Figure 1 shows the seasonal variation of the daily mean downward longwave radiation flux L # at Shiquanhe for 1998. Open circles are observations, and the solid line is calculated. Calculations and observations show good agreement. Figure 2 shows the regression analysis of calculated and observed long-wave radiation at Shiquanhe for 1998. Long wave radiation flux has an annual mean of about 237 W m À2 (Table 3) , and ranges from about 160 W m À2 in winter to 310 W m À2 in summer. Shiquanhe has an annual precipitation of about 60 mm. The long-wave radiation there is relatively small in the Tibetan Plateau. Through the comparisons between the obser- vations and the calculations, not only the downward solar radiation flux, but also the downward long-wave radiation flux can be estimated from the routine meteorological data.
Heat and water balances
Model calculations were carried out for 14 sites in 1997, and for 17 sites in 1998. Datasets of daily and seasonal variations for these two years have been established. Data items are shown in Section 2b. Heat and water balances can be inferred from the datasets. A comprehensive survey of the heat and water balances over the plateau during 1997-1998 follows in this section. Table 1 shows the international identifiers, locations, and elevations of the sites where the data used in the calculations were collected. Annual mean temperatures are also listed in Table 1. Table 2 lists the observed annual mean vapor pressure, wind speed, corrected annual total precipitation (Precipitation was corrected after taking the ''capture rate'' of a rain gauge into consideration. See Section 2a in Kondo and Xu 1997a) , calculated annual total potential evaporation, and evaporation and annual wetness index. Table 3 shows the calculated annual mean heat fluxes, including solar, long-wave and net radiations, and sensible and latent heat fluxes. Figure 3 compares the calculated seasonal variations for 1997 and 1998 at Nagqu. Horizontal axes represent the day of the year (DOY). Daily mean net radiation, sensible heat and latent heat fluxes, surface air temperature, volumetric soil-water content and precipitation are shown. Annual total precipitation was 558 mm in 1997, and 526 mm in 1998. Comparing with 1997, it was relatively dry in the spring and early summer of 1998, and the onset of monsoon season was late in 1998 (Figs. 3k, l) .
Other stations also show the same trend (ex., Baingoin, Xigaze, Lhasa, Qamdo, and etc.). Changes in the latent heat flux (Figs. 3i, j) suggest that the differences between the dry and rainy seasons were greater in 1998. The latent heat flux is small in the dry season, because of a lack of water; evaporation occurs mainly during the rainy season. Most of the net radiation flux converts to sensible heat flux during the dry season. In contrast, latent heat flux dominates the heat balance during the rainy season. Observed surface air temperatures differed between 1997 (annual mean À2.4 C) and 1998 (annual mean À0.1 C), which suggests that the heat flux was also different. Net radiation and sensible heat fluxes were frequently negative in 1997, but rarely so in 1998 (Figs. 3a-d) . Volumetric soil-water content was high (wet) in 1997 and low (dry) in 1998 (Figs. 3g, h ), because of warmer, drier conditions in 1998. Soilwater content increases with rainfall. (Robinson 1966 ) was assumed to be 0.02. The figure legend is in the lower left corner.
The difference between S # 0 and S # f over eastern Tibet (east of 90 E) is greater than the difference over western Tibet, because of differences in atmospheric water vapor content between these two areas. Solar radiation is greater than long-wave radiation over western Tibet; this relationship is reversed over eastern Tibet. Annual means of solar and long-wave radiation are shown in Table 3 . Solar radiation is large over western Tibet, and small over eastern Tibet. The climate of western Tibet is arid or semi-arid (WI a 0:3, Table 2 , Fig. 8 ), vapor pressure is small and sunshine duration is long with, those results the solar radiation flux is large, and long-wave radiation flux is small. On the contrary, eastern Tibet is located in a semi-humid climate zone ((WI > 0:3, Table  2 , Fig. 8 ), solar radiation flux is small and longwave radiation flux is large. Calculations for both 1997 and 1998 included only eight sites. Solar radiation fluxes in 1997 were larger than fluxes in 1998 at six out of the eight stations; the exceptions were Baingoin and Nagqu (Table 3). Long-wave radiation was greater at all eight common stations in 1998 than in 1997, because of the higher temperatures in 1998 (Table 1) . Annual mean values of solar and long-wave radiation flux for 8 common stations are shown in the bottom line of Table 3 . Solar radiation flux in 1997 was about 7 W m
À2
larger than in 1998, and long-wave flux in 1998 was about 8 W m À2 greater than in 1997. Although the high temperature led to larger longwave radiation flux, the net radiation flux, Rnet, had almost no change in these two years (Table 3) . Figure 5 shows the seasonal variation in heat fluxes over the Tibetan Plateau. A block with curves and two axes represents the heat balance for each station. The figure legend is in the lower left. The figure includes net radiation Rn (solid lines), sensible heat flux H (dotted lines), latent heat flux iE (broken lines), and heat flux into the ground G (dashed chains). Annual mean net radiation fluxes range from about 50 Wm À2 to 80 Wm À2 over the plateau, changing from about 25 Wm À2 in the winter to 110 Wm À2 in June or July. Peaks in net radiation flux were greater in 1997 than in 1998 over western Tibet (Shiquanhe, Gerze and Baingoin), but smaller in 1997 than in 1998 over eastern Tibet (Nagqu, Lhasa, Xigaze, Qamdo), except at Nyingchi. In arid areas, and during the dry season, sensible heat flux is larger than latent heat flux, and dominates the energy balance. At the most arid station, Shiquanhe, more than 90% of the net radiation flux becomes sensible heat flux, because so little water is available to evaporate. Peaks in H appear in May just before the monsoon season. The contribution of latent heat flux to total energy flux gradually increases when, or where, precipitation is relatively large. As rain wets the surface, latent heat flux increases to a value about the same as H. The curved shape of the latent heat flux line resembles the curve in the seasonal change in precipitation (Fig. 6) . In northwestern Tibet (Shiquanhe, Gerze, Baingoin and Nagqu), precipitation was smaller in 1998, but in southeastern Tibet (Xigaze, Lhasa, Qamdo and Nyingchi), precipitation was larger in 1998 (Table 2) . Hence, the latent heat flux shows the same patterns as those of the precipitation in 1997-1998. Compared with 1997, northwestern Tibet became dryer, and southeastern Tibet became wetter in 1998. It means that the humid distribution stands in a relatively clear contrast between northwestern Tibet and southeastern Tibet in 1998, when the IOP was conducted.
c. Heat balance
d. Water balance
The Tibetan Plateau includes sources for a number of important rivers in Asia, including the Huang He, the Changjiang, and the Mekong. It is therefore important to investigate the water balance of the Plateau. Precipitation ranges from about 56 mm over western Tibet, to almost 1000 mm over eastern Tibet. Figure 6 shows the seasonal variation in the water balance of the Tibetan Plateau during 1997-1998. Monthly totals of precipitation Pr (histograms), evaporation E (solid lines), and potential evaporation E P (dotted lines) are shown in one block for each station. From January to May, rainfall and evaporation totals are both small. Most precipitation and evaporation occurs during the monsoon season (June to September), and the value of Pr is near, or greater than, the potential evaporation E P . Northwestern Tibet is arid and semi-arid, and southeastern Tibet is humid or semi-humid (Table 2) . At stations in western Tibet, such as Shiquanhe and Gerze, evaporation changes with the precipitation, and there is almost no drainage. The differences between potential evaporation and evaporation ðE P À EÞ are large over northwestern Tibet and small over southeastern Tibet.
Only 8 stations have the data continuously from 1997 to 1998 (Table 2) . In northwestern Tibet, annual precipitation in 1997 was larger than in 1998 (Shiquanhe, Gerze, Baingoin, and Nagqu), but in southeastern Tibet, the precipitation in 1997 was smaller than in 1998 (Xigaze, Lhasa, Qamdo, and Nyingchi). Seasonal variations of heat and water balance over these two regions (northwestern and southeastern Tibet), and whole Tibet, have been shown in Fig. 7. Left panels (a, b, c) show the monthly means for the 4 stations (Shiquanhe, Gerze, Baingoin, and Nagqu) in northwestern Tibet; middle panels (d, e, f ) for the 4 stations (Xigaze, Lhasa, Qamdo, and Nyingchi) in southeastern; right panels (g, h, i) for all of the common 8 stations.
Sensible heat flux dominated the heat balance in northwestern Tibet (Fig. 7a) , and latent heat flux changed with the precipitation (Fig.  7b) . Compared with 1997, soil moisture (Fig.  7c) was very small during the pre-monsoon season (April and May), due to lack of precipitation in 1998. In southeast Tibet, sensible heat flux dominated the heat balance in the premonsoon season, and latent heat flux dominated it in the monsoon season (Fig. 7d) . The amounts of the precipitation were almost the same in the springtime of 1997 and 1998 (Fig.  7e) , but the rainfall amount became larger, and concentrated in the latter monsoon season in 1998, this led to increases in soil water con- tents (Fig. 7f ) , and the amount of evaporation. Those increases were not as sharp as the changes of precipitation, and the most part of the precipitation contributed to sharply increase the run off, and flowed into the rivers. After the monsoon seasons, the differences between the amount of precipitation in 1997 and 1998 became very small, and the soil water contents were almost the same in the end of those two years. Peaks of net radiation flux Rn appears in July. The rainfall pattern influenced the amount of the drainage ðPr À EÞ and WI. Annual mean temperature was much higher in 1998 than 1997 (Table 1) . From 1997 to 1998, northwestern Tibet became dryer, and southeastern Tibet much wetter (Fig. 7) .
The relationship between WI and NDVI
Climate affects, and is affected by, the biosphere. The use and management of water resources strongly depend upon the climate. The Tibetan Plateau features a very complex topography, and the vegetation on the plateau is therefore highly variable. The WI constitutes a comprehensive value that represents atmospheric conditions, including temperature, radiation, and wind. Xu and Haginoya (2001) showed how WI is calculated. A WI dataset for the plateau was prepared for 1997-1998.
The NDVI measures vegetation. An NDVI dataset was acquired from the ''Twenty-year global 4-minute AVHRR NDVI dataset'' produced by CEReS, using a transformed version of the Pathfinder global 10-day composite 8-km NDVI data from the Advanced Very High Resolution Radiometer (AVHRR). The data were transformed from an Interrupted Goode Homolosine map projection to a Plate Carree map projection to simplify data usage. In addition, NDVI temporal changes were smoothed using the Temporal Window Operation (TWO). The annual mean, and May-October mean NDVI in 1998, were calculated for each 1 Â 1 grid box over the Tibetan Plateau. Figure 8 shows the distributions of annually- Fig. 6 . The same as in Fig. 4 except for the monthly total precipitation Pr (histogram), the potential evaporation E P (dotted lines), and the evaporation E (broken lines).
averaged WI and NDVI in 1998. The NDVI distribution is in color. Lines representing the WI are overlain on the NDVI map. The two fields match very well. The climate is very arid where the WI < 0:3, and NDVI values are small. Wetness index ðWIÞ and vegetation (NDVI) increases gradually from the west to the east over Tibet. NDVI values in winter are often meaningless, because of low solar angle and snow cover. Thus, Fig. 9 shows the relationship between mean WI and NDVI in May-October. Figure 10 shows the regression relationship between WI and NDVI over the Tibetan Plateau in 1998. The solid line is the regression line for the annual mean, and the broken line is for May-October. WI and NDVI are correlated with each other.
Comparisons with NVAP
Since the seasonal variations of surface water balance have been estimated, we want to know the water cycle between the ground surface and the atmosphere over the Tibetan Plateau. Seasonal changes of precipitable water may represent the water vapor changes in the atmosphere. Up to now, NVAP (NASA Water Vapor Project) dataset can be considered as the best precipitable water data set, but its behavior over the Plateau is unknown. The gridded NVAP dataset has been published at 1 Â 1 resolution (Randel et al. 1996 ). An extensive global dataset of water vapor has been produced from combining three independent data sources. The dataset includes total column integrated values, and values for three atmo- [1997] [1998] . (a, b, c) are for the 4 stations (Shiquanhe, Gerze, Baingoin, and Nagqu) in Northwest Tibet; (d, e, f ) the 4 stations (Xigaze, Lhasa, Qamdo, and Nyingchi) in Southeast; (g, h, i) the common 8 stations. Top panels (a, d, g) show the monthly mean net radiation Rn (solid line), the sensible heat flux H (dotted chain), the latent heat flux iE (broken line), and the heat flux into the ground G (dashed chain); middle panels (b, e, h) the monthly total precipitation Pr (histogram), the potential evaporation E P (solid line), and the evaporation E (broken line); bottom panels (c, f, i) the monthly mean values of the volumetric soil-water content at the depths of 0-2 cm, 2-6 cm, 6-14 cm and 62-70 cm.
spheric layers (1000-700, 700-500, 500-300 hPa) for 1988-99. Each of the individual input datasets has significant limitations: microwave retrievals are presently feasible only over oceans; infrared satellite techniques only work in the absence of significant cloud cover; and radiosonde measurements are made primarily over land and are widely spaced, not showing small-scale WV (water vapor) variations. A comprehensive global dataset should draw upon the strengths of each of these methods, and use the advantages of each for all meteorological and geographical scenarios. The NVAP result is a combined column water vapor (WV) product far better than any single input dataset. On the other hand, the water vapor balance between evaporation from the ground surface, and from the atmospheric column is
here, E is evaporation, Pr is precipitation, w is precipitable water, t is time, and ' HQ Q is moisture flux divergence. Figure 11 shows the relationship between the precipitable water w (WV) from NVAP, and the evaporation E from model calculations. w is the monthly averaged value for June-October 1998. E is the total value from June to October in 1998. The distribution of w is in color. It is overlain by lines that represent E. Evaporation E is small (about 50 mm) over northwestern Tibet, and large (more than 300 mm) over southeastern Tibet, but precipitable water w in the atmospheric column decreases from south (more than 60 mm) to north (less than 10 mm). The distribution of the water vapor from the ground surface is not the same as the pattern of precipitable water in the atmospheric column over the Tibetan Plateau.
Shiquanhe and Lhasa are two stations located in different climatic regions over the Tibetan Plateau. Shiquanhe was arid, and Lhasa was semi-humid in 1998 (Table 2 ). Figure 12 shows seasonal variations in 1998 at Shiquanhe (left) and Lhasa (right The precipitable water in the atmospheric column over the Plateau has been compared with the difference of the calculated Evaporation and Precipitation, it seems they were not correspondent with each other in their distributions and time series.
Summary and conclusion
A dataset including seasonal variations of heat and water balances has been developed for the Tibetan Plateau in 1997-1998. A multilayer soil model was used to facilitate the cal- culations. NDVI and NVAP data were compared to the present dataset. 1) Surface air temperature was higher in 1998 than in 1997. It was about 1.8 C higher in the annual mean temperature of the common 8 stations in 1998.
2) Compared with 1997, annual precipitation was less in northwestern and more in southeastern Tibet in 1998, the rainfall events were more concentrated in the monsoon season of 1998, and the monsoon onset was late in 1998.
3) The distribution of the Wetness Index ðWIÞ showed that from 1997 to 1998, northwestern Tibet became dryer and southeastern Tibet wetter. The climatic difference became more severe between those two regions. 4) Calculated long wave radiation flux agreed with observations at Shiquanhe in 1998. The annual mean long wave radiation flux was 237.2 W m À2 ; it ranged from 160 W m À2 in winter to 310 W m À2 in summer. Shiquanhe receives annual precipitation of about 60 mm. Long wave radiation is relatively small over the Tibetan Plateau. 5) Solar radiation fluxes in 1997 were larger than in 1998 at most stations. Long-wave radiation was greater in 1998 than in 1997 because of the higher temperatures in 1998. Solar radiation flux in 1997 was about 7 W m À2 larger than in 1998, and long-wave flux in 1997 was about 8 W m À2 greater than in 1998. These mean that although the high temperature led to larger long-wave radiation flux, the net radiation flux, Rnet, had almost no change in these two years.
6) The wetness index ðWIÞ distribution agrees well with the distribution of the normalized difference vegetation index (NDVI) . NDVI values were small where WI was small (arid climates), and large where WI was large (humid areas). 7) Sensible heat flux dominated the heat bal- ance in northwestern Tibet, and latent heat flux changed with the precipitation. Compared with 1997, soil moisture was very small during the pre-monsoon season (April and May), due to lack of precipitation in 1998. In southeastern Tibet, sensible heat flux dominated the heat balance in the pre-monsoon season, and latent heat flux dominated it in the monsoon season. The soil-water content was bigger in 1998 than in 1997, due to the concentrated rainfall events. Peaks in net radiation flux were greater in 1997 than in 1998 over western Tibet (Shiquanhe, Gerze and Baingoin), but smaller in 1997 than in 1998 over eastern Tibet (Nagqu, Lhasa, Xigaze, Qamdo), except at Nyingchi. 8) The precipitable water in the atmospheric column over the Plateau has been compared with the difference of the calculated Evaporation and Precipitation, it seems they were not correspondent with each other in their distributions and time series.
Routine meteorological data have been collected over the Tibetan Plateau since the 1950s. NDVI data, which are derived from AVHRR onboard National Oceanic and Atmospheric Administration (NOAA) polar orbiters, are available from July 1981 through 2001. Recently, the enhanced vegetation index (EVI) dataset was produced, beginning in 2000, from the moderate-resolution imaging spectroradiometer (MODIS) onboard Terra and Aqua (Earth Observing System). The interannual variability in the relationships between the WI and the NDVI, or between the WI and the EVI can, therefore, be investigated. This constitutes an interesting topic for the near future. Top to bottom panels are calculated E, qw qt from NVAP, drainage (E-Pr), and precipitation. Broken lines represent mean values for each variable.
